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[57] ABSTRACT 
A self-aligned MESFET is formed by implanting a ?rst 
(channel) region in a ?rst surface portion of a gallium 
arsenide substrate. A dielectric layer is formed on the 
surface of the substrate and portions of this layer are 
selectively removed, to leave a relatively thick substitu 
tional gate mesa overlying a ?rst surface portion of the 
?rst region and a relatively thin protective portion, 
contiguous with the substitutional gate, overlying a 
second surface portion of the ?rst region, so that the 
substitutional gate has sidewalls extending above the 
protective portion. Sidewall spacers are formed contig 
uous with the sidewalls of the substitutional gate, so as 
to overlie surface portions of the protective portion of 
the dielectric layer contiguous with the substitutional 
gate. Ions are implanted into the substrate using the 
substitutional gate and the sidewall spacers as a mask, 
thereby forming source and drain regions in the ?rst 
region. The structure is annealed and the substitutional 
gate and sidewall spacers are removed. A conductive 
gate layer is formed on the ?rst region in place of the 
removed substitutional gate and apertures are formed in 
the reduced thickness portion of the dielectric layer to 
expose surface portions of the source and drain regions. 
Ohmic contacts are connected to the source and drain 
regions through the apertures. 

21 Claims, 4 Drawing Sheets 
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METHOD OF MANUFACTURING SELF-ALIGNED 
GAAS MESFET 

FIELD OF THE INVENTION 

The present invention relates in general to the manu 
facture of semiconductor devices, and is particularly 
directed to a method for manufacturing a Schottky gate 
type ?eld effect transistor containing III-V compound 
semiconductor material, such as GaAs, using self-align 
ment, substitutional gate processing. 

BACKGROUND OF THE INVENTION 

The continuing demand for higher signal processing 
speeds and bandwidths in microrniniaturized electronic 
circuit components has been accompanied by the appli 
cation of semiconductor materials other than silicon to 
a variety of integrated circuit architectures. Currently 
foremost among the materials are III-V semiconductor 
compounds, particularly GaAs, which has a demon 
strated ability to not only meet speed and bandwidth 
performance criteria, but inherently possesses a signi? 
cant radiation hardness capability, thereby making 
GaAs-resident signal processing architectures espe 
cially attractive in aerospace environments. 

Unfortunately, the performance advantage enjoyed 
by devices implemented in GaAs substrates is accompa 
nied by a signi?cant cost penalty due to the relatively 
low yield and poor predictability of electronic charac 
teristics of GaAs chips. This lack of precision in GaAs 
chip processing methodologies also limits circuit inte 
gration density, so that a practical application of submi 
cron processing techniques has not been effectively 
feasible in a GaAs environment. ~ 

Proposals to deal with these problems have been 
addressed in the literature and most recently have in 
cluded self-aligned source/drain MESFET processes, 
as described, for example, in the US. Pat. No. 4,532,004 
to Akiyama et a1, and self-aligned substitutional gate 
MESFET processing, as described, for example, in the 
US. Pat. No. 4,569,119 to Terada et al.. 

In my copending US. Pat. No. 4,745,082, ?led June 
12, 1986, and issued May 17, 1988, entitled “Method of 
Making Self-Aligned MESFET Using a Substitutional 
Gate With Sidewalls” and assigned to the Assignee of 
the present application, there is described an improved 
substitutional gate MESFET processing methodology 
involving the formation of sidewall spacers contiguous 
with the substitutional gate (and self-aligned metal gate) 
to accurately control the channel length of the Schottky 
gate region and the performance characteristics of the 
device, while still maintaining the inherent self-aligned 
location of the gate metal in place of the “dummy” gate 
material. Now, although such an improved process 
results in a device having improved performance char 
acteristics, the effective yield obtained remains dimin 
ished due to the potential for contamination of the sur 
face of the GaAs substrate during processing steps sub 
sequent to the formation of the ‘dummy’ gate. Speci? 
cally, during the dry (reactive ion) etching of layers 
atop the surface of the GaAs substrate, the surface of 
the GaAs substrate is subjected to induced radiation 
damage by the ions in the plasma; in addition, the etch 
ing atmosphere contains contaminants (e.g. extremely 
light hydrogen ions and heavy metal ions such as Mg, 
Fe and Cr) that readily adhere to or penetrate the sub 
strate surface, lodge themselves (form interstitial dis 
continuities) in the substrate and diffuse rapidly during 
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subsequent high temperature annealing. Because these 
contaminants diffuse rapidly in GaAs and are electri 
cally active, they can migrate into active device areas 
and spuriously compensate the electrical activation of 
the device, thereby reducing the yield of the wafer 
batch in which the chip containing the device is formed. 
Moreover, radiation damage to the GaAs surface may 
not be completely recoverable, further reducing the 
yield. 

SUMMARY OF THE INVENTION 

In accordance with the present invention, the 
abovedescribed yield-impacting potential of (ionic) im 
purities present in the atmosphere above the semicon 
ductor substrate surface during device formation is 
obviated by a new and improved processing methodol 
ogy which effectively protects the surface of the sub 
strate throughout the process of forming a self-aligned 
MESFET through substitutional gate processing. Pur 
suant to the present invention, the self-aligned MES 
FET is formed by implanting a ?rst semiconductor 
region of a prescribed conductivity type in a ?rst sur 
face portion of a gallium arsenide substrate whereat the 
channel and source and drain regions adjacent thereto 
are to reside. After the implanted region has been an 
nealed, a ?rst relatively thick (e.g. 7000 A) dielectric 
layer (e.g. silicon dioxide) of which the substitutional 
gate is to be formed is non-selectively deposited on the 
surface of the substrate. This thick dielectric layer is 
then selectively etched, so as to leave a substitutionaal 
gate mesa portion having a ?rst thickness (7000 A) 
overlying a ?rst surface portion of the ?rst semicondup 
tor (channel) region and a relatively thin (500-1000 A) 
protective portion, contiguous with the substitutional 
gate portion, overlying a second surface portion of the 
?rst semiconductor region, contiguous with the ?rst 
surface portion, and a second surface of the substrate 
contiguous with said ?rst surface portion, so that the 
substitutional gate portion of the dielectric layer has 
sidewalls extending above the protective portion of the 
dielectric layer. 

After selectively etching the thick dielectric layer to 
form the respective thick and thin portions, sidewall 
spacers contiguous with the sidewalls of the substitu 
tional gate portion of the dielectric layer are formed by 
non-selectively depositing a uniformly thick insulator 
layer over the selectively etched dielectric and then 
subjecting this deposited insulator layer to a reactive 
ion etch. The reactive ion etch of the deposited insula 
tor layer leaves sidewall spacers contiguous with the 
sidewalls of the substitutional mesa gate and overlying 
surface portions of the protective portion of the dielec 
tric layer contiguous with its substitutional gate portion. 
Next, source and drain regions are formed by implant 
ing ions into the substrate using the substitutional gate 
portion, the sidewall spacers and material of the protec 
tive portion of the dielectric layer beneath the sidewall 
spacers as a mask. The sidewall spacers are removed 
and the resulting structure is then annealed. 
A planarizing layer is formed to the level of the top of 

the substitutional gate portion of the dielectric layer 
and, using the planarizing layer as a mask, the substitu 
tional gate is etched away, leaving an aperture through 
the planarizing layer and the thin portion of the dielec 
tric. A metal layer is then non-selectively deposited 
over the resulting structure to form a gate layer on the 
?rst surface portion of the ?rst semiconductor region, 
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self-aligned with the source and drain regions. The 
planarizing layer and the metal deposited thereon are 
then lifted off the dielectric layer so as to leave the 
metal that has deposited on the surface of the substrate 
through the aperture as the gate layer of the device. 
Next contact apertures are formed in the protective 
portion of the dielectric layer to expose surface portions 
of the source and drain regions. Ohmic contacts are 
then connected to the source and drain regions through 
the apertures in the dielectric. 

In the process according to the present invention, by 
not having completely etched through the substitu 
tional gate-forming dielectric layer at portions adjacent 
to the mesa, so as to leave a thin protective portion on 
the order of 500—l,000 A, the entirety of the surface of 
the substrate is protected during subsequent device 
processing, including the reactive ion etch through 
which the sidewall spacers are formed. By completely 
etching through the thickness of the non-selectively 
deposited insulator layer of which the sidewall spacers 
are formed (except, of course, for the sidewall spacers 
themselves) those portions of the ?rst (channel) region 
whereat source and drain regions are ion implanted will 
not be masked by a layer of substantial thickness that 
would otherwise require increased implantation energy, 
but rather are protected by the reduced thickness 
(500—l,000 A) portions of the dielectric layer, thereby 
affording the use of reduced implantation energies and 
improving the practicality of the process. This enhance 
ment provided by the con?guration of the substitutional 
gate dielectric layer is buttressed by the fact that the 
dielectric layer is formed of the same material through 

_ out, thereby simplifying the process step sequence and 
controllability of device formation. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1-11 are cross-sectional views of a MESFET 
structure at respective steps of its manufacture using the 
manufacturing process in accordance with the present 
invention. 

DETAILED DESCRIPTION 

The present invention will now be described with 
reference to FIGS. 1-11 which are respective cross-sec 
tional views of a MESFET at respective steps of its 
manufacture. . 

Initially as shown in FIG. 1, there is provided a sub 
strate 10 of semi-insulating semiconductor material, 
such as a Group III-V semiconductor compound (e.g. 
gallium arsenide or indium phosphide) or a ?lm of any 
of these atop another substrate, such as glass, mylar or 
stainless steel. In accordance with a preferred embodi 
ment of the invention, the material of which substrate 
10 is made is gallium arsenide. Substrate 10 has a top 
planar surface 11 in which there is formed an impurity 
region 12 (in which the channel region of the MESFET 
will reside) having a bottom portion 13 and side por 
tions 14 extending from the bottom portion 13 to the 
planar surface 11. Surface (channel) region 12 is prefer 
ably formed by the ion implantation of impurities (such 
as Se, Si, Be and Mg) of a prescribed conductivity type, 
(n, n+, n-, p or p+), to de?ne the conductivity of a 
channel of a prescribed mode FET device, such as a 
depletion mode device (e.g. n channel device) or en 
hancement mode device (e. g. n— channel device) in the 
GaAs substrate 10. After the implantation of the region 
12, the structure is annealed at a temperature from about 
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4 
800° to 950° C. to heal lattice damage and activate the 
implanted impurity species. 

Next, as shown in FIG. 2, a layer 15 of insulator 
material, such as silicon dioxide, silicon nitride, or alu 
minum nitride, is deposited on planar surface 11 of sub 
strate 10. This insulator or layer “dummy dielectric” 
layer 15 is to be employed for the formation of the 
substitutional (“dummy”) gate. For this purpose, a layer 
of photoresist shown in broken lines 21 is selectively 
formed on the top surface 16 of the dielectric layer 15 so 
as to overlie a surface portion 17 thereof located above 
the implanted surface region 12. The thickness of 
dummy dielectric layer 15 is preferably on the order of 
5,000-7,000 Aso as to provide a mask against implanta 
tion of ions to form source and drain regions adjacent a 
substitutional gate and to minimize mechanical stress 
between the substitutional gate portion of layer 15 and 
the substrate 10 therebeneath. 

Using the protective photoresist layer 21 as a mask, 
dummy dielectric insulator layer 15 is preferably dry 
etched, as shown in FIG. 3, using, for example aSF,’J gas, 
so as to leave a relatively thick (5,000—7,000 A) mesa 
portion 23 having sidewalls 24 and 25 which extend 
above a relatively thin (SOC-1,000 A) protective layer 
portion shown at 26 and 27 overlying the substrate 10 
and a portion of the surface region 12. (As will be de 
scribed below, the mesa portion 23 of the dummy di 
electric layer 15 is used to de?ne the location of gate 
metal which will form a Schottky barrier with the sur 
face of the implanted region 12.) a 
By reducing the thickness of layer 15 to SOC-1,000 A 

adjacent to mesa portion 23, portions 26 and 27 will be 
sufficiently thick to prevent contaminant penetration 
into and radiation damage to the substrate during 
dummy gate formation and subsequent reactive ion 
etching to form sidewall spacers but thin enough to 
allow source and drain region ion implantation. 
Namely, in an ion implantation process where target 
regions of a substrate are coated with an insulator ?lm, 
such as silicon nitride, it is important that the insulator 
film not be so thick (e.g. substantially greater than 1000 
A) as to detrimentally affect the characteristics of the 
implanted ion regions; the thicker the ?lm, the higher 
implant energy required for forming the target region. 
Unfortunately, the use of high implant energies gives 
rise to lateral straggling of the implanted ions, which 
prevents accurate control of gate geometry. Accord 
ingly, where a protective ?lm is retained on the surface 
of the substrate, its thickness is typically no greater than 
a value on the order of only several hundred angstroms 
in order to afford the use of reasonably low implant 
energies and thereby achieve a procession gate geome 
try. However, such an extremely thin film does not 
offer sufficient protection against contaminant penetra 
tion and radiation damage, described above. The above 
range of thickness of portions 26 and 27 of layer 15 
avoids both the implant energy problem and the con 
taminant introduction/radiation damage problem. 

Next, as shown in FIG. 4, an additional layer of di 
electric material, such as silicon dioxide, silicon nitride, 
polymers, aluminum nitride and photoresist, having a 
thickness T31 on the order of 10 nm to 400 nm is non 
selectively deposited over the entire surface of the se 
lectively dummy dielectric layer 15. Preferably dielec 
tric layer 31 is made of a material which etches consid 
erably faster than does dummy dielectric layer 15 (e.g. 
an etching ratio of 20:1) when exposed to a prescribed 
etchant, e.g. a reactive ion etch, so as to facilitate the 
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formation of sidewall spacers contiguous with sidewalls 
24 and 25 of mesa 23, as will be described below. For 
this purpose, in the present example, where dielectric 
layer 15 is made of silicon dioxide, layer 31 may be 
made of silicon nitride. 
Following the formation of layer 31 atop dielectric 

layer 15, dielectric layer 31 is subjected to a reactive ion 
etch process (for example using CF4+O2 at a partial 
pressure of 50 mTorr for a period of three minutes) so as 
to etch completely through the thickness T31 of the 
dielectric layer 31, as shown in FIG. 5. Because of the 
substantial thickness T, of that portion of dielectric 
layer 31 contiguous with the sidewalls 24 and 25 of the 
mesa portion 23 of dielectric layer 15, upon completion 
of the etching through the thickness T31 of the dielectric 
layer 31 there remain a pair of tapered sidewall spacers 
32 and 33 which are contiguous with sidewalls 24 and 
25 of mesa portion 23 and overlap the surface of the 
dummy dielectric layer 15 adjacent to mesa portion 23 
at surface regions 34 and 35, as shown. The distances 
(widths of surface regions 34 and 35) by which spacers 
32 and 33 extend beyond the sidewalls 24 and 25 of the 
mesa portion 23 of the dummy dielectric de?ne the 
separation of the source and drain regions from the 
eventual location of the gate which will occupy the 
location of the mesa portion 23 of dielectric layer 25 and 
contact the surface of region 12. As noted above, be 
cause of the considerably higher etching rate of spacer 
layer 31 to the reactive ion etch, as compared with that 
of dielectric layer 15, layer 31 can be completely etched 
down to the surface of layer 15 without effective degra 
dation of the surface of layer 15. 

In accordance with the present invention, by not 
having completely etched through the dummy dielec 
tric layer 15 at portions adjacent the mesa 23, namely 
leaving a thickness T11 on the order of SOD-1,000 A at 
portions 26 and 27, as shown in FIG. 3, described 
above, the entirety of the surface of the substrate is 
protected during subsequent device processing, includ 
ing the reactive ion etching step through which side 
wall spacers 32 and 33 are formed described above with 
reference to FIG. 5. By completely etching through 
thickness of insulator layer 31 (except where sidewall 
spacers 32 and 33 remain) those portions of region 12 
whereat source and drain regions are to be ion 
implanted will not be masked by a layer of substantial 
thickness that would otherwise require increased im 
plantation energy and increased lateral straggling of the 
implanted ions, but rather are protected by the reduced 
thickness (500—1,000 A) portions 26 and 27 of insulator 
layer 15, so as to permit the use of reduced implantation 
energies and thereby improve device short-channel 
effect immunity and the the practicality of the process. 
This enhancement provided by the con?guration of 
insulator layer 15 is further underscored by the fact that 
layer 15 is formed of the same material throughout, 
thereby simplifying the process step sequence and con 
trollability of device formation. 
As pointed out briefly above, the atmosphere above 

the substrate during reactive ion etching processing 
contains contaminants, such as light hydrogen ions and 
heavy metal ions, which would readily adhere to or 
penetrate into the substrate material but for the pres 
ence of portions 26 and 27 dielectric layer 15. By retain 
ing dielectric layer 15 over the entire surface of the 
substrate, contaminant intrusion is prevented, so that 
the yield of the process can be improved. 
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Next, as shown in FIG. 6, after formation of sidewall 

spacers 32 and 33 adjacent to mesa 23 of dielectric layer 
15, a photoresist masking layer 38 is selectively formed 
over the surface of dielectric layer 15, and high impu 
rity concentration source and drain regions 36 and 37 
are formed in substrate 10 by ion implanting an impurity 
having a conductivity corresponding to that of region 
12 (e.g. N+ impurities where channel region 12 of N 
conductivity type). This ion implantation step is prefer 
ably carried out by directing silicon ions ‘at an implanta 
tion energy of 100 electron Volts in a direction normal 
to the service of the substrate to form respective (N+) 
source and drain regions 36 and 37 at a depth on the 
order of 1000 A from the surface 11. During this step, 
the substitutional gate mesa 23 and sidewall spacers 32 
and 33, as well as photoresist layer 38, provide a barrier 
or mask to the ion beam, so as to prevent the introduc 
tion of ions at those locations in the surface of the 
substrate 10 other than portions 39 and 40 where the 
reduced thickness portion T11 of the dielectric layer 15 
is exposed between the selectively formed photoresist 
layer 38 and the side spacers 32 and 33 adjacent to the 
thick mesa portion 23. 

Following the implantation of regions 36 and 37, the 
photoresist layer 38 and the sidewall spacers 32 and 33 
adjacent to the sidewalls 24 and 25 of the mesa portion 
23 of the dielectric layer 15 are removed, preferably by 
plasma etching, so as to leave only the dielectric layer 
15 atop substrate 10. At this point, it is to be noted that 
the deeper source and drain regions 36 and 37 are sepa 
rated from the sidewalls 24 and 25 of the mesa 23 by 
distances corresponding to surface regions 34 and 35 of 
the sidewall spacers 32 and 33, thereby guaranteeing 
that the eventual gate to be formed in place of the mesa 
portion 23 of dielectric layer 15 will be prevented from 
overlapping source and drain regions 36 and 37, so as to 
increase the breakdown voltage of the device. As noted 
previously, in accordance with the invention, because 
of the presence of portions 26 and 27 of the dielectric 
layer 15 adjacent to the mesa portion 23 thereof during 
the etching away of the sidewall spacers 32 and 33 and 
the photoresist layer 38, the introduction of contami 
nants into the substrate is prevented. 
The structure is then annealed, preferably in an arsine 

environment over pressure at high temperature. In par 
ticular, the annealing may be performed at a tempera 
ture from about 750° to 1000° C. at an over pressure of 
arsine from about 0.005 to about 0.10 atmospheres. The 
annealing may be accomplished in a composite gas envi 
ronment containing at least arsine for about 10 seconds 
to 60 minutes, preferably on the order of about 20 min 
utes. 

Next, as shown in FIG. 7, subsequent to the annealing 
step, a planarizing material such as a polymer, or photo 
resist, is applied as a conformal layer 41 over the dielec 
tric layer 15. The planarizing layer 41 is then etched 
back to the level of the mesa portion 23 as shown by the 
broken line 42. This etch back exposes the top surface 
17 of the mesa 23. 
Following formation of planarizing layer 41, an etch 

ant, such as buffered hydrofluoric acid, is non-selec 
tively applied to the structure to etch the exposed di 
electric layer 15 and remove the mesa portion 23 of the 
substitutional gate, as shown in FIG. 8. During this 
etching step, there is a slight undercut of dielectric layer 
15 at the lower sidewalls 46 and 47 of the opening 45 
from which the mesa portion 23 of the dummy dielec 
tric has been removed. This etching step also maintains 
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a planar character of the top surface 42 of layer 41. The 
slight undercutting of dielectric layer 15 at sidewalls 46 
and 47 forms an angle of about 45° to 75°. This undercut 
into the reduced thickness portions 26 and 27 of the 
dummy layer 15 facilitates subsequent lift—off of the 
metal of which the gate is to be formed. 
_Next, as illustrated in FIG. 9, a refractory metal, such 

as Ti, TiW, Ta, MO and their silicides, or a composite 
Ti/Pt/Au, is nonselectively deposited on the structure 
resulting from the process step illustrated in FIG. '8, so 
as to form a Schottky barrier-forming gate layer 51, 
having a thickness on the order of 2500 A, and surface 
metal layers 52 atop the planar surface 42 of layer 41. 
Because the sidewalls of the opening 45 through layer 
41 conform with the sidewalls 24 and 25 of the mesa 
portion 23 of the dummy dielectric, the width of gate 
layer 51 will substantially conform with these dimen 
sions but not overlie the source and drain regions 36 and 
37. 

Following the deposition of the gate layer 51, the 
planarizing layer 41 is stripped away, by way of a con 
ventional lift off technique, thereby removing the metal 
layers 52 thereatop, leaving only the gate layer 51 de 
posited on surface 11 of the substrate 10, as shown in 
FIG. 10. 

Next, as illustrated in FIG. 11, openings 56 and 57 are 
provided in the reduced thickness portions 26 and 27 of 
the dummy dielectric layer 15 and source and drain 
contact metal layers 62 and 65 are formed in openings 
56 and 57, to form ohmic contacts with source and drain 
regions 36 and 37. Thereafter, a metallic interconnect 
structure may be formed atop the con?guration shown 
in FIG. 11 to provide access to the respective source 
and drain contact layers and to the gate 51. 
As will be appreciated form the foregoing descrip 

tion, the yield-impacting potential of (ionic) impurities 
present in the atmosphere above the semiconductor 
substrate surface and induced radiation damage during 
device formation is obviated by the processing method 
ology of the present invention which effectively pro 
tects the surface of the substrate throughout the process 
of forming a self-aligned MESFET through substitu 
tional gate processing. In the process according to the 
present invention, by not having completely etched 
through the dielectric layer at portions adjacent to the 
mesa, so as to leave a thin protective portion on the 
order of SOD-1,000 A, the entirety of the surface of the 
substrate is protected during subsequent device process 
ing, including the reactive ion etch through which the 
sidewall spacers are formed. By completely etching 
through thickness of the non-selectively deposited insu 
lator layer (except where the sidewall spacers are 
formed), those portions of the channel region whereat 
source and drain regions are ion - implanted will not be 
masked by a layer of substantial thickness that would 
otherwise require increased implantation energy, but 
rather are a protected by the reduced thickness 
(500-l,000 A) portions of the dielectric layer, thereby 
affording the use of reduced implantation energies and 
improving device performance (shorted-channel-effect 
immunity) and the practicality of the process. More 
over, the dielectric layer is formed of the same material 
throughout, thereby simplifying the process step se 
quence and controllability of device formation. 
While I have shown and described an embodiment in 

accordance with the present invention, it is to be under 
stood that the same is not limited thereto but is suscepti 
ble to numerous changes and modi?cations as known to 

20 

25 

35 

45 

55 

60 

65 

8 
a person skilled in the art, and I therefore do not wish to 
be limited to the details shown and described herein but 
intend to cover all such changes and modi?cations as 
are obvious to one of ordinary skill in the art. 
What is claimed: 
1. A method of manufacturing a semiconductor de 

vice comprising the steps of: 
(a) providing a semiconductor substrate; 
(b) forming a ?rst layer of insulator material on the 

surface of said semiconductor substrate, such that 
said ?rst layer of insulator material has a ?rst por 
tion of a ?rst thickness overlying a ?rst surface 
portion of said semi-conductor substrate and a sec 
ond portion of a second thickness on the order of 
500-1000 A overlying a second surface portion of 
said semiconductor substrate adjacent thereto, said 
?rst thickness being larger than said thickness so as 
to have sidewalls extending above said second 
portion of said ?rst layer; 

(0)} forming sidewalls spacers contiguous with the 
sidewalls of said ?rst portion of said ?rst layer of 
insulator material so as to overlie surface portions 
of said second portion of said ?rst layer of insulator 
material adjacent to said ?rst portion of said ?rst 
layer of insulator material; 

(d) introducing impurities of a prescribed conductiv 
ity type into said substrate using said ?rst portion of 
said ?rst layer of insulator material, said sidewall 
spacers and material of said second portion of said 
?rst layer beneath said sidewall spacers as a mask, 
thereby forming ?rst and second regions of said 
prescribed conductivity type in respective ?rst and 
second zones of said surface portion of said sub 
strate spaced apart from said ?rst surface portion 
thereof; 

(e) removing said ?rst portion of said ?rst insulator 
layer, so as to expose said ?rst surface portion of 
said substrate therebeneath; and 

(t) forming a conductive layer on said ?rst surface 
portion of said substrate exposed by the removal of 
said ?rst portion of said ?rst insulator layer in step 
(e). 

2. A method according to claim 1, wherein step (e) 
includes the step of removing said sidewall spacers. 

3. A method according to claim 2, wherein step (e) 
further comprises forming a protective layer on said 
second portion of said ?rst layer of insulator material, 
and etching said ?rst portion of said ?rst layer of insula 
tor material, using said protective layer as a mask there 
for. 

4. A method according to claim 3, wherein step (f) 
comprises the steps of non-selectively depositing con 
ductive material on said first protective layer and on 
said exposed ?rst surface portion of said substrate, and 
lifting off said protective layer, thereby causing the 
removal of conductive material deposited thereon, 
while leaving conductive material on said ?rst surface 
portion of said substrate to thereby form said conduc 
tive layer on said ?rst surface portion of said substrate. 

5. A method according to claim 4, wherein step (e) 
comprises forming said protective layer of a height at 
least as great as that of said ?rst portion of said ?rst 
layer of insulator material, so as to form a planarizing 
layer atop said ?rst layer of insulating material, and 
thereafter nonselectively etching said protective layer 
so as to expose said ?rst portion of said ?rst layer of 
insulator material. 
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6. A method according to claim 1, wherein step (a) 
comprises the step of providing a semiconductor sub 
strate having formed therein a surface region of said 
prescribed conductivity type beneath said ?rst surface 
portion of said substrate and part of said second surface 
portion of said substrate adjacent thereto. 

7. A method according to claim 6, wherein step (d) 
includes the steps of implanting ions of said prescribed 
conductivity type into said ?rst and seconds zones of 
said second surface portion of said substrate to form said 
?rst and second regions of said prescribed conductivity 
type at an impurity concentration greater than that of 
said surface region. , 

8. A method according to claim 7, wherein step (b) 
comprises the steps of 

(b-l) non-selectively forming a ?rst layer of insulator 
material on the surface of said semiconductor sub 
strate, and 

(b-2) selectively removing material of said ?rst layer 
of insulator material so as to leave said ?rst layer of 
insulator material on said ?rst and second portions 
having said ?rst and second thicknesses, respec 
tively. 

9. A method according to claim 8, wherein said ?rst 
thickness is on the order of at least 5000 A and said 
second thickness is on the order of at least 500 A. 

10. A method according to claim 9, wherein step (e) 
further comprises forming a protective layer on said 
second portion of said ?rst layer of insulator material, 
and etching said ?rst portion of said ?rst layer of insula 
tor material, using said protective layer as a mask 
thereof. 

11. A method according to claim 10, wherein step (i) 
comprises the steps of non-selectively depositing con 
ductive material on said ?rst protective layer and on 
said exposed ?rst surface portion of said substrate, and 
lifting off said protective layer, thereby causing the 
removal of conductive material deposited thereon, 
while leaving conductive material on said ?rst surface 
portion of said substrate to thereby form said conduc 
tive layer on said ?rst surface portion of said substrate. 

12. A method according to claim 1, wherein step (b) 
comprises the steps of 

(b-l) non-selectively forming a ?rst layer of insulator 
material on the surface of said semiconductor sub 
strate, and 

(b-2) selectively removing material of said ?rst layer 
of insulator material so as to leave said ?rst layer of 
insulator material on said ?rst and second portions 
having said ?rst and second thicknesses, respec 
tively. 

13. A method according to claim 12, wherein said 
?rst thickness is on the order of at least 5000 A. 

14. A method according to claim 1, wherein step (d) 
includes the steps of implanting ions of said prescribed 
conductivity type into said substrate, and annealing the 
reasulting structure. 

15. A method according to claim 1, wherein said 
substrate comprises a III-V compound semiconductor 
material. 

16. A method according to claim 15, wherein said 
substrate comprises gallium arsenide. 

17. A method of manufacturing a self-aligned gallium 
arsenide MESFET comprising the steps of: 

(a) forming a ?rst semiconductor region of a pre 
scribed conductivity type in a ?rst surface portion 
of a gallium arsenide substrate; 
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10 
(b) forming a ?rst layer of insulator material on the 

surface of said gallium arsenide substrate; 
(0) selectively removing insulator material from said 

?rst layer, so as to leave a substitutional gate of 
portion having a ?rst thickness overlying a ?rst 
surface portion of said ?rst semiconductor region 
and a protective portion, contiguous with said sub 
stitutional gate portion, havirig a second thickness 
on the order of 500—l,000 A overlying a second 
surface portion of said ?rst semiconductor region, 
contiguous with said ?rst surface portion thereof, 
and a second surface of said substrate contiguous 
with said ?rst surface portion thereof, said second 
thickness being less than said ?rst thickness so that 
said substitutional gate portion of said ?rst layer of 
insulator material has sidewalls extending above 
said protective portion of said ?rst layer; 

(d) forming sidewall spacers contiguous with the 
sidewalls of said substitutional gate portion of said 
?rst layer of insulator material so as to overlie 
surface portions of said protective portion of ?rst 
layer of insulator material contiguous with said 
substitutional gate portion thereof; 

(e) implanting ions of said prescribed conductivity 
type into said gallium arsenide substrate using said 
substitutional gate portion, said sidewall spacers 
and material of said protective portion of said ?rst 
layer of insulator material beneath said sidewall 
spacers as a mask, thereby forming second and 
third semiconductor regions of said prescribed 
conductivity type and an impurity concentration 
greater than that of said ?rst region respective ?rst 
and second zones of said ?rst region spaced apart 
from said ?rst surface portion of said ?rst semicon 
ductor region; 

(f) annealing the structure resulting from step (e); 
(g) removing said substitutional gate portion of said 

?rst insulator layer and said sidewall spacers con 
tiguous therewith; 

(h) forming a conductive gate layer on said ?rst sur 
face portion of said ?rst semiconductor region so as 
to form a Schottky barrier with said ?rst semicon 
ductor region; 

(i) forming apertures in said protective portion of said 
?rst layer of insulating material to expose surface 
portions of said second and third regions; and 

(j) forming ohmic contacts to said second and third 
regions through said apertures. 

18. A method according to claim 17, wherein said 
?rst thickness of said substitutional gate portion of said 
?rst insulator layer is at least 5,000 A. 

19. A method according to claim 17, wherein step (d) 
comprises the steps of 

(d-l) non-selectively depositing a second layer of 
insulator material over said ?rst layer of insulator 
material, and 

(d-2) etching the structure resulting from step (d-l) so 
as to expose said ?rst layer of insulator material 
except at said sidewalls of said'?rst portion thereof 
whereat said sidewall spacers formed of said sec 
ond layer of insulator material remain. 

20. A method according to claim 17, wherein step (g) 
comprises the steps of 

(g-l) removing said sidewalls spacers; 
(g-2) forming a second layer of insulator material 

over said protective portion of said ?rst layer of 
insulator material and contiguous with the side 
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walls of said substitutional gate portion thereof, 
and 

(g-3) etching said substitutional gate portion of said 
?rst layer of insulator material using said second 
layer of insulator material as a mask therefor. 

21. A method according to claim 20, wherein step (h) 
comprises the steps of 

(h-l) non-selectively depositing a metallic layer over 
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12 
the structure resulting from step (g-3), so as to 
deposit a gate metal layer on said ?rst surface por 
tion of said ?rst semiconductor region and a metal 
layer on said second layer of insulator material, and 

(h-2) lifting off said second layer of insulator material 
and the metal formed thereon in step (h-l). 

* * I‘! 1k 1i 


